A Gram-stain-positive, rod-shaped, endospore-forming, motile bacterium, designated D33 T , was isolated from a forest soil sample. The strain grew optimally at 30-37 8C, pH 8.0 and with 1 % (w/v) NaCl. The 16S rRNA gene sequence of the isolate showed similarities lower than 97 % with respect to species of the genus Paenibacillus. Strain D33 T contained meso-diaminopimelic acid in the cell-wall peptidoglycan, and ribose and lower amounts of glucose and galactose as the whole-cell sugars. The major cellular fatty acid was anteiso-C 15 : 0 , and menaquinone-7 (MK-7) was the only respiratory quinone. The polar lipids were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylmethylethanolamine, two glycolipids and an unknown lipid. The DNA G+C content was 51.1 mol%. The low DNA-DNA relatedness values between strain D33 T and recognized species of the genus Paenibacillus, together with many phenotypic properties supported the classification of strain D33 T as representative of a novel species of the genus Paenibacillus, for which the name Paenibacillus terreus sp. nov. is proposed. The type strain is D33 T (5KACC 18491 T 5DSM 100035 T 5CCTCC AB 2015273 T ).
The genus Paenibacillus, a member of the family Paenibacillaceae, was proposed by Ash et al. (1993 Ash et al. ( , 1994 . At the time of writing, there are 168 species with validly published names (http://www.bacterio.net/paenibacillus.html). Most members of the genus Paenibacillus are aerobic or facultatively anaerobic, rod-shaped, endospore-forming bacteria. The major cellular fatty acid is anteiso-C 15 : 0 and menaquinone-7 (MK-7) is the major menaquinone. The DNA G+C content is in the range of 39 to 54 mol% (Wang et al., 2012) . Species of the genus Paenibacillus have been isolated from various environmental sources, such as soil, air, a sandbank, blood cultures, rhizosphere and plants (Ten et al., 2006; Rivas et al., 2005; Traiwan et al., 2011; Roux & Raoult, 2004; Kittiwongwattana & Thawai, 2015; Cao et al., 2015; Jiang et al., 2015; Xiang et al., 2014) .
In this study, the taxonomic characterization of strain D33 T using a polyphasic approach is reported and in conclusion, a novel species of genus Paenibacillus is proposed.
Strain D33 T was isolated from a forest soil sample and purified on a sucrose-mineral salts medium as described previously (Huang et al., 2014 (Huang et al., , 2015 . The isolate was maintained on trypticase soy agar [TSA, comprising trypticase soy broth (TSB) supplemented with 15 g Bacto Agar (Difco)]. The morphology of cells, spores and motility was examined by light microscopy (CX21; Olympus). The presence of flagellum was examined by transmission electron microscopy (TEM, H-7650; Hitachi) using cells from the exponential phase. The morphology and size of colonies were observed on sucrose-mineral salts medium and TSA plates after 2 days at 30 8C. Growth at different temperatures (4, 10, 20, 30, 37, 42, 45, 50 and 55 8C) was determined on TSA in an aerobic incubator. TSB was used in experiments to determine growth at pH 4-10 (at intervals of 1 pH unit; the pH was adjusted with HCl or Na 2 CO 3 ) and the requirement for NaCl (0-5 %, w/v, at intervals of 1.0 %). Catalase activity was determined according to bubble production in a 3 % (v/v) hydrogen peroxide solution. Oxidase activity was determined based IP: 54.70.40.11
On: Fri, 28 Dec 2018 03:42:20 on the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine. The Gram reaction, tests for the methyl red and Voges-Proskauer reactions, and hydrolysis of Tween 80, xanthine and hypoxanthine were performed according to the protocol of Shen et al. (1999) and Gordon et al. (1974) . Other physiological and biochemical properties were tested using API 50CH, API 20NE and API ZYM systems (bioMérieux) according to the manufacturer's instructions.
For cellular fatty acid analysis, cells of strain D33 T and the reference strains were grown on TSA plates at 30 8C for 48 h. Fatty acid methyl esters were extracted and prepared according to the protocol of the Sherlock Microbial Identification System (MIDI). Fatty acids were analysed by GC (model 6890; Hewlett Packard), and identified and quantified by using the TSBA6 database (version 6.10) (Sasser, 1990) . Respiratory quinones were extracted, purified and analysed by HPLC as described by Collins (1985) . Polar lipids were extracted according to the methods of Tindall (1990a, b) and identified using two-dimensional silica gel TLC followed by spraying with appropriate detection reagents. The type of diamino acid of the cell-wall peptidoglycan was determined as described by Rhuland et al. (1955) .
For analysis of the 16S rRNA gene sequence, bacterial genomic DNA was extracted using an E.Z.N.A. Bacterial DNA kit (Omega Bio-Tek). The 16S rRNA gene sequence was PCRamplified using universal primers 27F (59-AGAGTTTGAT-CCTGGCTCAG-39) and 1492R (59-TACGGCTACCTTGT-TACGACTT-39) and sequenced (ABI 3730; Invitrogen). Phylogenetic analysis was performed using MEGA software (version 6.0) (Tamura et al., 2013) . Phylogenetic trees were reconstructed with the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971 ) and maximum-likelihood (Felsenstein, 1985) methods using bootstrap values based on 1000 replicates. Evolutionary distances were determined using Kimura's two-parameter model (Kimura, 1980) . In addition, the specific primer PAEN515F (59-GCTCGGAGAGTGACGGTACCTGAGA-39) and universal reverse primer 1377R were used for presumptive identification of strain D33 T belonging to the genus Paenibacillus according to Lee et al. (2004) and Šmerda et al. (2005) . The DNA G+C content of strain D33 T was determined as described by Mesbah et al. (1989) using reversed-phase HPLC. DNA-DNA hybridization was carried out as described by De Ley et al. (1970) using a UV/VIS spectrophotometer (UV1201; Rayleigh).
Cells of strain D33 T were Gram-stain-positive, aerobic, rod-shaped (0.8-0.9 mm wide and 3.6-4.5 mm long) and motile by means of peritrichous flagella ( Fig. S1 , available in the online Supplementary Material). Oval spores were formed. Compared with the circular, convex, transparent colonies on sucrose-mineral salts medium after growth at 30 8C for 48 h, colonies on TSA are white and irregular. Strain D33 T could grow at 20-50 8C (optimum, 30-37 8C), at pH 4-9 (optimum pH 8) and with 0-3 % (w/v) NaCl (optimum 1 %). Detailed physiological and biochemical characteristics of strain D33 T are given in Table 1 and the species description.
The major fatty acids (.10 %) of strain D33 T were anteiso-C 15 : 0 (49.5 %), anteiso-C 17 : 0 (15.8 %) and C 16 : 0 (10.1 %). Other fatty acids detected were iso-C 16 : 0 (9.3 %), iso-C 17 : 0 (2.9%), iso-C 15 : 0 (2.8 %), C 18 : 1 v11c (2.4 %), C 17 : 0 (2.4), C 16 : 1 v11c (1.7 %), C 14 : 0 (0.9 %), iso-C 14 : 0 (0.9 %), C 18 : 0 (0.7 %) and C 12 : 0 (0.5 %). A previous report had showed that anteiso-C 15 : 0 was the major fatty acid in the genus Paenibacillus (Shida et al., 1997) . The fatty acid profile of strain D33 T was similar to that of Paenibacillus xylanilyticus DSM 17255 T (Table 2) . Strain D33 T contained MK-7 as the only quinone, which supported the affiliation of strain D33 T to the genus Paenibacillus. The predominant polar lipids of strain D33 T were Oxidase 2 2 + + Acid production from (API 50 CH): diphosphatidylglycerol (DPG), phosphatidylmethylethanolamine (PME), phosphatidylethanolamine (PE), phosphatidylglycerol (PG), two glycolipids and an unknown lipid (Fig. S2) . DPG, PG and PE were found to be the major polar lipids in the type species of the genus Paenibacillus (Kämpfer et al., 2006; Wang et al., 2012; Wu et al., 2013) . PME was also found as one of the major polar lipids in Paenibacillus pueri, Paenibacillus xylanisolvens, Paenibacillus vulneris and Paenibacullus lemnae (Kim et al., 2009; Khianngam et al., 2011; Glaeser et al., 2013; Kittiwongwattana & Thawai, 2015) . The cell-wall peptidoglycan contained meso-diaminopimelic acid, which is commonly found as the diagnostic diamino acid in the cell-wall peptidoglycan of members of the genus Paenibacillus (Shida et al., 1997) . In summary, these results supported the affiliation of strain D33 T to the genus Paenibacillus. (Stackebrandt & Ebers, 2006) . The neighbour-joining tree (Fig. 1) (17.0¡1.3 %) were below 70 %, the threshold value recommended for the assignment of genomic species (Wayne et al., 1987) .
According to the 16S rRNA gene sequence similarities, major fatty acid, menaquinone, polar lipids and PAEN515F/1377R signature sequence, strain D33 T can be considered affiliated to the genus Paenibacillus. However, the isolate differs from closely related species in terms of several phenotypic characteristics (Table 1) and DNA-DNA relatedness values. On the basis of data from the present taxonomic study, strain D33 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus terreus sp. nov. is proposed.
Description of Paenibacillus terreus sp. nov.
Paenibacillus terreus (ter9re.us. L. masc. adj. terreus of the earth).
Cells are Gram-stain-positive, aerobic, rod-shaped (0.8-0.9 mm wide and 3.6-4.5 mm long), spore-forming and motile by means of peritrichous flagella. Colonies on TSA are white and irregular. The optimum temperature, pH and NaCl concentration for growth are 30 uC, 8.0 and 1 % (w/v), respectively. Positive for catalase, H 2 S production and methyl red reaction, and negative for oxidase, urease, arginine dihydrolase, indole production, nitrite reduction, Voges-Proskauer reaction and utilization of citrate. Gelatin and starch are hydrolysed, but Tween 80, xanthine and hypoxanthine are not. Acid is produced (API 50CH) from N-acetylglucosamine, starch, amygdalin, L-arabinose, arbutin, cellobiose, aesculin ferric citrate, Dfructose, D-galactose, gentiobiose, D-glucose, glycerol, glycogen, inositol, lactose, maltose, D-mannitol, D-mannose, melibiose, methyl b-D-xylopyranoside, inulin, raffinose, D-ribose, sucrose, salicin, trehalose and D-xylose, but not from D-adonitol, D-arabinose, D-and L-arabitol, dulcitol, D-lyxose, erythritol, D-and L-fucose, melezitose, methyl a-D-glucopyranoside, methyl-a-D-mannopyranoside, potassium gluconate, potassium 2-ketogluconate, potassium 5-ketogluconate, L-rhamnose, D-sorbitol, L-sorbose, D-tagatose, turanose, xylitol or L-xylose. In API 20NE tests, utilizes N-acetylglucosamine, L-arabinose, D-glucose, maltose, D-mannitol, D-mannose and potassium gluconate, but not adipic acid, capric acid, malic acid, phenylacetic acid or trisodium citrate. In the API ZYM system, activity is detected for acid phosphatase (weakly), esterase (C4), esterase lipase (C8), aand b-galactosidase, b-glucosidase, leucine arylamidase (weakly) and naphthol-AS-BI-phosphohydrolase (weakly); no activity is detected for 
